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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nonaqueous 
secondary battery of high capacity and superior cycling 
characteristic, by inhibiting the expansion of an electrode 
material. 

SOLUTION: This electrode material is composed of 
complex particles including a material including lithium and 
an alloying element, and a conductive material, a ratio of 
the material including lithium and the alloying element is 
not less them 30 mass% and not more than 80 mass% to 
the total mass of the complex particles, the composite 
particles have cavities inside thereof, and Vs is at least 
35% and not more than 70%, when bulk density of the 
complex particles is D1 (g/cm3), true density of the 
complex particles is D2 (g/cm3), and a volumetric 
population (%) of the cavities of the complex particles is 
Vs=(1-1 .35 x D1/D2) x 100. 
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D 7 0 OmAh^D, 5 0 M <0»MBM^tX 

9 5%-C^>o^: 0 

[0068] g&M5) mmmibmzsm&m^ 

X. BB^Jt^rKSJt-eS i : CF : M=7 5 : 1 5 : 

tot vit&&n. mm 2 1 mm\z u-ca^fm^sr 

2 . 2 5 g / c m 3 . 1 . 

Og/cm^feo^ ftoT. r<D^^^C0^ 

Mlfit*li4 0%^lofc 6 ^fc, jQgffll^Piat 
I- LTS)^ Ufc^S«^^tt:a»Sg^«: 5 5 %"Cfe D , & 
m^O#«iCit«g^Wc8 5%-Cfcofco 
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[0069] mmm 1 1 mmz ^j^m^n-o 

9 12 5 OmAhtibU. 5 Ot^^^l^t^)$$ 

[0 0 7 0] (»fitt6) 1 /* m(D S iflfc^ 

*&#&2/*m<Z>JI^&£$:. SfiifCS i :CF:1«B= 
6 0:30:1 0 <DgB^it-CJ8V>fc£tfm, MMM 2 t 

g/cm 3 , JB&gttO. 7 3 g/cn^-Cifcofco f£o 

ft, ^^1 t(^^uTaij£bfc^m^o«£a 

8^$Sf*4 5 %"Cfc Q ; »B«Ffl5«:aiR«*tt 9 2%"C 

[0 0 7 1] XjttMl'^ PQfR(CUTff ofe^^A«M 
Ofe^v 2*W^/V:BO»c«*aB:«^(m^l g^fc 
0 1 0 5 OmAhtfcD;. 5 0W^;HOtfiiOSt 

[0 0 7 2] (H2feM7) Wil/im(OS i 

tt&ttTCS i : CF=6 0 : 4 0OE*lt^V^8W 

. i 3 o.ot:-c^urffi^*m^^pS«r/N- K 
[oo73] fc&i$ic# t>nitm&tmi-(o s i ^*r* 

•fc^*©**fl«^Jt**tt2. 10g/cm\ % 
&£f*0. 8 6 g/cm 3 tfeot lot, ^<D&<£ 

ase* 1. 1 urai^ ufc*««?^fttMK®*ri 3 5 

[0 0 7 4] IQftWl^raWcbT^^/HtRSr^to 
fclftb 2^>r^/v@o^^S«:®^tt2|a^i g^fc 
») 9 5 OraAhTfcD, 5 0t-Y.^>H©lfiO*i» 
ttmtZS 8%lNfeofc 0 

[0 0 7 5] (^M8) $1^1 fcHCiSDHlC. 
iC^^tt^O. 2/tm<D^y^Uy(ft? (PS) SrflD 
;t. MttfCS i :'CF :lft: PS = 30 :1 5 : 

T»^*m**ffc»Ufc; fl^fcPSttCVDMW: 

- *•< &&ttfc#fc*,fc«^<m^*> s i 4**12* ®& 

0. 7 3 g/cm 3 Tifcofc, 



0* M^^)MIM^«:9 0%-C$>o^ 0 

[0076] Hi60i 1 t nmic urw ^/Mfflttrfro 

D 9 2 OraAhtfcO, 5 0 ^ * £ tf>£ft&J$sm 
8 5%-e$>ofc: e 

[0 0 7 7] (§Hi£#j9) ¥-®%Lm0. 2mn<OSin 
¥t+ Y®m&&5 tim-X?BMQ. 2MmOCFt % ? 
i$$fc^0. 0 5 um&fry 1 ?-*.^? (KB) t 
Sr. SSit-CS i : CF : KB = 60 : 30 : 1 OOgB 

«^«3&?-<OK««r* 2. 10g/cm 3 v ttttfttt 
0.6 8 g/c ra 3 t*$>o^: 0 tfcoT.. 

[0078] mmto 1 ttt^ */vK»$rfro 

HO00mAh-C^»), 5 0t^^/uBp*«HW 
tt8 7%V$>o*U 
[0 0 7 9] (Hj&feWl 0) WiO. 2/im<DSi 
^J^t^5/im"Cii[mo. 2^mC0CFir. 

cn/utTpiiJ K>^ (PYP)c'fct- SfiifCS i : CF : 
KB : PVP = 60:,30: 10: 4 OEMt^^ / 

-r^lCXit^b^ ^JB*,.5pi*Btai0Mm<O3iS 
GVD&lci 0. l o o ot:-c«*flaB^ftK*-ctt«u 

i>*b**>it„ *<D&$miL*<om&.n* ssitrs i : 

CF : KB : CVD^.= 5 0:25:8: 1 7tfco 

fco #f>iifcS^WWS«Sll2. io g/c 

m 3 .- »®§tt±0. 6 8 g/cm 3 tfcotvtoT, ffl 
Kt*«i^^Fi5 8%^**ofco^fc. 

«^urw«ufc^«^fffli»3S^r44 8%-cfeo, 
[ooso] niftfl 1 1 mmz trt>r o 

DlOOOmAh^^ 5 0t-r^;vB^t^ 
«9 0%"Cfeo^, ? S 

[0 08 1] (^GSm 1 )¥*&*£& 0. 2^mOSi 
TftWftSO.r 0 5/tmOKBfc % ^«S0i: tt 
OPVPt^ «ftlt-CS i:KB:PVP = 70:3 



2MmOCFt^ STAJfCS i/KB»ft:: CF = 

8 5:1 soE^jtrca&u *<nm&&*i&to&&$i 
tc-ci£*fcufco *<ot£^ w-mm ism m<om&$m 

CVDifeia 9100 Ot5T?««^« : 3F-«rK*'T?*«L 

CF : KB : CVD^iff=5 0 : 1 0 : 2 5 : 1 5Xh 
ofc e f ^«tt2. lOg/cm 
3 > »&SfiO. 6 5g/cm 3 -e*)ofc 0 flfcoT. 

[0082] t mmz urf->r * ^efcSrfTo 

9 10 0 0 mAh-Cfcflx 5 OiH^ViO^i&Jf 

2%-C$>ofc 0 
[0 0 8 3] (Hftm 2) 5p«Sttftl. 0/xm<OSi 

P£&. Sfiit-eS i:KB:PVP=70:30:3 

u-c\ C VDScfciJ: 9 10 0 0t:^g*a#£:i* 
/ixtr^-TJn— r >f 1 3 0 Otrei&f&L/r 

[0 0 8 4] - CO i 9 I- LTft^LfcS^ftoK^OS E 

M^£r0 2 tift^Wn^<o s 

&9* *co»&^^Wfc£ra:2. lOg/c 

m 3 . Jfc3fc£l*0. 7 8 g/cm 3 -efcofc 0 ^ot, - 

[oo85] mmm 1 1 ux^>r t^&m^ft^ 

9 9 2 OmAhtfcD, 5 0^^^|^tWlj: 
9 3%-C&oft: e 

[O0 8 6] (HlfeflU 3) ^^m^l. 0 /imCDS i 
P££. Sftit^S i : KB : P V P = 6 0 : 40 : 4 

^5MmCOatJ|a#^t>ttfc« &V>T, tfVfc^L 
Ml 0 0 0TC-ej£*fc#&j^Lfc o S»^^#f>tLfc» 



2. 10g/cm 3 , JS^gltO. 7 5g/cm 3 tfco 
B#©#8W3g5£r* 5 5 %t?*> 9 > ^#©{t»*UMsr± 

8 5%"CfeofCo 

[0 0 8 7] $mw \ fclfiMHeuciNf *A#m*fto 

itmm* 2 p/un <Dt&m&tm&ffi&* 1 g mit 

9 1 050 mAhtfcO, 5 0 Ot®(D^ 

[0 0 8 8] (HJfeWl 4) 0/zmOSi 
/Si 2 Ni«*#»*^ W8t0. 05jimtf>K 
Bfc, ^ttSJOPVPfc*. RfcHrCS i : KB : P V 
P=8 5 : 1 5 : 1 <om&i£X^f J — friWCXBAX* 

V>T, Y/u^&U-tflsmkVX* CVD*fcfc«fc9 8 

&itft+<D s i ^{m^o^fi^u-c 

3. lOg/cm 3 , K«*ril. 15g/cm 3 Tibo 

fc 0 «ot, r<^«^fm^^^sr*^w:5o% 
t^ofc 0 n^i t^icurai^L^m 

l^©flc9fK«^ri4 o 9 s gc«^co^^«^« 
9 3%Xbifc 0 

[0 08 9] mifoM 1 mmz. VX*>C * /vWRSrtfo 
fc^, 2 Uvf ^/vg o»«^ftfi«^*m^ 1 g ^fc 
9 8 0 0mAh-C$>9. 5 0 IM" ^/V@co^*^^« 
9 5%-C$>ofeo 

[0 0 9 0] ^«iMl /imcoS ift^ 

Wi2Mm©M^, 5f*)fc-CS i : J&»= 
6 0:4 OOga-a-lfc-CMV^^^ HJg^l 

9. ^Erom^^co^^ri 2 . 20g/cm 

3 , HUsAttl. 1 4 g/cm 3 -C&ofc 0 ^ot -co 

(1100 %T£> 9 x artBWofWIftWW: 7 7 

[0091] ^ife^i bmmzvxv>{i?j\'tm*n^ 

fejg*. 2W^|OW»tWI*#«f 1 gSfc 
D8 40mAht?fcofc^ 5 0f>f^/U|O^f«? 

[0 0 9 2] 0t8M2) WllizmOSiie* 

t. ¥mm2»m<Dmmb&. «*it-cs i : ma= 

9 0:1 O(OE^M:-e^v>fc^fmjfe0»li fcPU«K:u 
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9, *<D&&m&*<OM®fcn2 . 20g/cm 

3 . K«5&ttl. 10g/cm 3 Tfcot ^ot, CCD 

[0093] 1 1 mmz utik< 
rii 0%-cNfcofco 

tOO 9 4] 0tft#j3) ¥»eil/im(OS i »* 
fc. ¥^2iim(Dl»^^ «fiifc"CS i :IM&= 
2 5:7 5©ffi£Jt-C;av^£t*B: % g^tf) 1 fcH*fc 

^T^tt, &&{m*<o±X1k\ztt tt2 0 Stfi%-Cfc 

D ; ^0||-&^^(DK*^ri2. 2 0g/cm 

=\ 1 7 g/cm 3 Tfcofc e tt-^T. £<D 

[00 9 5] 1 £ f^«fcl UT-^-f */H*&£rfTo 

2^^/wS<DSrm^fi:iim^«c*i^l g^fc 
95O0mAhtfc9, 5 Of ^^/V@^SWf$fi 
5 0%-Cfcofco 

[0 0 9 6] 3— a-*— )\s\Zy*f-<r>*r Yy 

t Kn77^ (THF) S»*C^ h K^rW^V 
(TMOS) ^<»bfco - *>*ttlC¥*Stt& 5nmCO 



MOS : H©= 10:1:1: 3"C&* 0 *V^"C % TH 
<K 1 0 0 0tT3-/^-/U^yf JiJitfTMOS^ 

[00 9 7] 1 £ H3«fc: UTlNf *A-S*Sfc£tf o 

9 4 0 OmAhtfcD, 5 0*-f ^/UB©S*fia**tt 

[0 0 9 8] (g#M2) 5p^tE2MmCOS i *W 
ftlttfS i : CF = 6 0 : 4 0<DBB^Jt^fl#fc:J:!>iI 

[0099] tt, S^«liW«fcUT>^^^Mfe 
£ffofc*S%; 2 .fvf */vg ^fl^fiMt^^^ i 

t g ? 6 5 0 mA !»T fe5 - 5 0 ' ^H©jWt» 
fir±ti £X if 0 m A h /g-efcofc; 

[0100] £i±^^Sr^ 1 {C^bfco 
[0 10 1] 

[^1] 



[0 10 2] &ia»e> 





*V 8 

(X) 


* (%) 


16M*<6\ 

m • 


JmAh/g) 


B 0U-f 9 

ft* (x)< 




B 1 


6 5 


85 


7 11 0 0 / 


7 0 




48 


5 0 


9 2 


10 0 0 


8 5 




40 


6 2 


8 8 


9 50 


7 5 




50 


50 


92 


700 


9 5 




4 0 


6 5 


8 5 


12 50 


7 3 




5 5 


45 


9 2 


10 5 0 


8 7 




4 5 


3 5 


9 5 


9 50 


8 8 




5 5 


48 


9 0 


9 2 0 


8 5 


^9 


5 6 


5 0 


9 6 


10 0 0 


8 7 




58 


48 


9 5 


10 0 0 


9 0 




60 


47 


9 5 


10 0 0 


9 2 




5 0 


4 0 


9 6 


9 2 0 


9 3 




5 2 


5 5 


8 5 


10 5 0 


8 0 




5 0 


4 0 


9 3 


800 


9 5 


JtttHl 


3 0 


10 0 


7 7 


8 4 0 


4 0 


fctt«2 


3 2 


110 


7 0 


1400 


1 0 




2 8 


7 5 


8 3 


500 


5 0 




1 2 


3 0 


8 0 


400 


7 0 








' ST. 


.650.. 


0 










1. S<Z >£WL\&&tt&>J< u 
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[0 10 3] ft*5, #%^ltt^fF^2Sr#%lcbfc 
[0 10 4] 

mil 




(72) X 

*fi£JfiF2fc*: rf? fit 1 T B 1 #88-^ 0 ^ 

<72)3&9f# _Lf3 



im 1 ] *3^<Dfdfe0!! 2 {C*5lt5^(m^S E 

[0 2] *&w<D$mmi 2\c*s\+z&&im*<Ds 

[02] 




— 5H029 AJ03 AJ05 AL06 ALII AL18 
AM03 AMOS AM07 BJ03 CJ02 
CJ08 CJ22 CJ24 DJ15 DJ16 
HJ01 HJ05 HJ07 HJ08 
5H050 AA07 AA08 BA17 CB07 CB11 
DA09 EA08 FA16 FA17 FA18 
GA02 GA06 GA10 GA22 GA24 
GA28 HA01 HA05 HA07 HA08 
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